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Preface

AThis presentation ([:)rowdes an overview of a Fossil Energy and Carbon
Management (FECM) R&D Program that is implemented based on
both Administration priorities and Congressional direction. Plans for
future technology development reflect expected trajectories of
current R&D, but these plans are subject to change. Furthermore,
some stages of future technology development, although necessary
for commercialization, may not be financially supported by the
government.

ANew DOE and FECM strategic plans are currently under
development. The goals presented here are subject to these plans,

once avalilable.
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Advanced Turbines (AT) Program Goals ¥E
Mission - Deliver low cost, clean and carbon free electric power
DOE Mission AT Program Goals

ACarbon free electricity by 203
ANet-zero emissions by 2050
ACreate new clean energy jobs
ARevitalize communities
AAdvance environmental justic
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ARD&D of gas turbines fueled

with no-carbon fuels

A H2, H2 & NG blends, NH3 etc.
A Low NOx and high performance

APursue advanced efficiency
A Simple and combined cycle

ARDE
A Optimization for CCS

CMC synergies with FECM
Advanced Materials Program




NATIONAL

Why Hydrogen Fueled Gas Turbines S RS oo

Deliver low cost, clean and carbon free electric power TLJiasorarory

ACarbonfree
AH, fuel blending
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Fundamentals of Hydrogen Combustion ¥
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Hydrogen is unique compared to natural gas

AHigh flame temperature (2045°C in air)

AHigh flame speed (3 m/s) N/ T
ALow mass density (MW = 2g/mol) i - <7
ALow volumetric energy density {0,050 s ey R RENER
J/Im3 H ,vs. 32,560 kJ/m3 CH) e
ACombustion instabilities R /;Zl‘
Athermoacoustic issues -\J ; _i e
Algnition delay era Cover -

Nominal Combustor Module




Recent UTSR Advanced Turbine Awards

FY 21 UTSR Awards ($6.2 M)

A Hydrogen CombustidRundamentalsfor
Gas Turbines

A Georgia Tech Research Corporation
A The University of Central Florida
A San Diego State University
A Hydrogen Combustiofipplications for Gas
Turbines
A Purdue University
A The Ohio State University
A University of California, Irvine
A HydrogepAir Rotating Detonation Engines
(RDE)
A The University of Alabama
A Purdue University

National Energy

What will be done

AExplore chemical kinetics
Alnvestigate NOx & flame strain rate
Alnvestigate ignition delay times
AMeasure flame speed

AEvaluate existing fuel injectors

AFlame structure and combustion dynamis
for H2 & NH3 fuels

A Assess RDE combustion modes

AD_eveIop design rules for micromixer
Injectors

ADevelop CFD design tools

%%, U.S. DEPARTMENT OF
ENERGY | Technology Laboratory




Recent Industry Advanced Turbine Awards

FY 22 Industry Awards ($28 M)

A General Electric Companyd Combustors for H2 +
Class Retrofit ($6M / $12M)

A Raytheon Technologiesd H2 Burner for FT4000
Aero Engine ($4.5M / $5.625M)

A Solar Turbines- GT Comb System for H2 & NG
Blends ($4.5M / $5.625M)

A Raytheon Technologies Ammonia Comb. for
Zero-Carbon Power ($3M / $3.75M)

A GTI - Investigation of Ammonia Combustion for
Turbines ($3M / $4.2M)

A GE Research- GT-Scale RDC Demo at 7FA Cycle

Cond. ($7M / $8.75M)

National Energ
Technology Latk

#'5*%, U.S. DEPARTMENT OF
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What will be done Tl—

A Develop combustion modules foclass,
aeroderivative and industrial scale turbines

A Develop retrofit technologies

A Apply to 100% hydrogen & natural gas / hydroge
blends

A Assess ammonia fuels

A Advance the application of rotating detonation
combustion systems for power generation

A Advance H2 combustor technology to the next
stage of testing & demonstration

N
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NO, Emissions from Hydrogen Fueled Gas Turbines LABORATORY

AComprehensive literature survey
ADescribes status of H turbines

AExplains current biases in data that disadvantage
hydrogen

APeer reviewed
ASupports DOE®&ds carbon free electr

Conclusions: 1.) Hydrogen turbines of the future will have
compar abl e performance and emi ssi ons
NG turbines. 2.) Appropriate standards for comparison, both scientific
and legal, need to be developed for hydrogen.
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NOx emission limits by turbine class, application, fuel and location (not shown) LABORATORY

Current New Source Performance Standards (NSPS) (EPA)

AAverage actual NQ ratings:

EPA Categor y (Heat NO, Limit @15% O,
K To Y - Input at baseload Market Fuel (based on gross
A B to F CIaSS. Q ppm (Older rating [HHV]) energy output)
A rljl]oc(:jlels U.Z_tSO 25 ppm) Natural Gas 42(5 %Tbo/rw?vgvo-?]?/;
-C1ass. ppm Power Generation I '
96 ppm or 710 ng/J
A Aeroderivative:-95 ppm 0 15 Mw oner uek (5.6 Ib.MW -hr)
] (50 MMBtu/hr.) Natural Gas 100 ppm or 690 ng/J
ASmaller turbines generally Mechanical Drive Lol i)
. . ppm or ng
have higher NQ, ratings Other Fuels ©.7 Ib.Mw -hr)

25 ppm or 150 ng/J

ANSPS for NG do not apply tQuszsoww arel Gas (12 Ib. W )

Both

S 0-850 MMBtu/hr.) e 74 ppm or 460 ng/J
Hydr ogen (o0otlhe T ™fuel @ overes | 7o
15 ppm or 54 ng/J
N |
6 250 MW . atural Gas (0.43 Ib./MW -hr.)
(850 MMBtu.hr.) Other Fuels 42 ppm or 160 ng/J

(1.3 Ib./MW -hr.)

» U.S. DEPARTMENT OF
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Keeping Cost of Electricity (COE) Low S RS oo

Hydrogen Turbines of the Future LABORATORY

AHydrogends highers #1 ~mn .
temperature can allow for higher

(2479°F) @® CO2 Emissions (Ib/MWh)

g

- 57

) ] .. < @ COE ($/MWh)
pressure ratios, higher efficiency = 351b o CO,/MWhreducion .
and lower COE 2 b \\ .
AModifications necessary to i Clas AU -
optimize hydrogen combustors for = .. Sa
@) X-Class
IOW NOX ~ 640 (3107°F) o - 47
] 620 RDE** a5
AD O E 6 S g O a I I S E ‘ 56 58 60 62 64 66 68 70
utilization without sacrificing CC Efficiency (LHV)

turbine performance or COE

Figure is for natural gas fueled machines and illustrative of the
impact of efficiency and firing temperature on efficiency and COE
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CCS Impact on NGCC TL [rEctnooey
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U.S. DEPARTMENT OF

E N ERGY Cost and Performance Baseline for Fossil Energy Plants Volume 1: Bituminous Coal and Natural Gas to Electricity
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